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i.:.~;:? ^rewart, d e  t 0  delays ,covers  t h s  e ight-  non'ih pe r iod  to - -  - e r  L3> !.965. 

.." e:t?^lc;eazc;h and. ckve1cJprileliit proqrams riit3>? be su:nn?a~ized under the 
yo].. !.eyjl:<- titles: 

1. Improved Structural Stability of Ni-ThO, a d  Ni-Mo-ThO, A l l o y s  
Prc ld~~ced by Selective Qxide Reduction 

*-*> 2 .  i n e  R o l e  of Stored Energy  and liecovery o n  the Properties of 
:):<?de D5spersion Strsnqthzned I r o n  

3. S-tnuc-tare Control on the Strenqth.  and D u c t i l i t y  of Fe-Be0 Alloy:; 

4. 

5. Hi+ V o l u m e  I n t e r m e t a l l i c  Compound-Ductile Binder  Composite Allcz-:Js 

6. Mechanism of Eeformation and Frac ture  in Oxide D i s p e r s i o n  

Oxide Dispersion Strengthened Kiobium A l l o y s  

S t;r.znc: thened AI LOJJS 

5 Oxide Dispersion Strengthened A l l o y s  by SurZace and. Internal 
C x i  3a -t i o n  Processes 

8 e Regarding Internal Oxidation Processes 

E m i x q  this period the  fol lowing pub l i ca t ions  were processed: 

1 r?ThO, Dispersion-Strenq-t-l~ened Ni and Ni-Mo A l l o y s  Produced 

1.:!iarqy, Vel. 8, No. 15, 1965, p.  9%. 

2 .  ? r A l u m i n a  n i ~ ~ ~ e r s i o n - s t r e n q t h e ~ ~ ~  Copper-Nickel A l l o y s "  by 
.;lE.:!ila Y a ~ a z a k i  and N .  J .  Grant: Trans .  AIME Met. SOC., z, NO. 8 ,  

3 y  Se:tetz:tive Reduction" by J. G .  Rasmussen and N .  J, Grant: Powder 

, I . .  . 
f 9 6 5 ,  p. 1573. 

_., 2 . t*Disper.sion S t r e n g t h e n i n g "  (Chapter) b y  N. J. G r a n t :  to be 
included in p u b l k r a t i o n  of Proceedinqs of the ElevenOh Sagamore Army 
: , < a t e ~ i ~ . l s  2esearch Conference on SPxeng,khening Mechanisms in Metals, 
by Spxactxse Wnivexsity Press, 1965. 

4.  Tf.APuminide-Ductile Binder Composite A l l o y s :  by J. S .  Benjamin 
;ind M, J. Grant: Submitted f o i  p u b l i c a t i o n  to AIME Met. S O C .  

J .  
Wxide Dispersion St reng thened  Niobium'? by D i a n e  Marqel and 

- -  
!\; ,;a G r a n t :  (to be published).  

6 ,  :?The R o l e  of Cold "czroark and Recovery 2.n Oxide Dispersion 
streny%hened I ron? '  by A .  S ,  B u f f e r d  and N. 3 .  Grant: (to be published:.  
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., :i.n spfite sf appauent satisfactory oxide d i s p e r s i o n s ,  and at- 
i,z~;;~;.rovcnisrits i n  pxocessinq > these ~ T V O  new alloys did not  yield 

r t ies  as good as t hose  reported by Rasmussen 
rrrtker checks of the s y s t e m  i n d i c a t e d  t ha t  
f i n s  metal powders d i d  occur,  probably due to 

ctive and ~ u s t  be protected completely at all 
-. ~35 %h.-. can pr ior  to ex t rus ion .  l i z e  approximately 0.2 iniczoi;~p 



I-: % h i s  rejeaxch px3!-iram, i r o n  was selected as the base because one 
3 ~~k 3.237 desired r a t i o  above ox below the alpha to g a m m a  
n ax:?- t t i eneby  ~ e t a i a  or completely eliminate cold  w o r k  of 
-E ;;.:x?-dr,s wzse alpha and a a m r n a  AI,O, and Tm,. 



c-3- 
AI=';?:, i.; q u i t e  stable normally, bu t  also absorbs water from the atmos- 

r e .  Thi=; i,icre;s~.s t h e  i r o n  oxide content  and o f t e n  leads to low 
, ? ~ r t L e ~ .  3urtker TlzQ, is both neavy and expensive.  Thus Be0 appeared 

'.%; ~ ' c - t ~ ~ z - c i . ~ ~ - e  choice, e s p e c i a l l y  i n  view olc its extreme stability. 
hov. hes t  to achieve the f i n e s t  p o s s i b l e  dispersion i i l  a 



- 6 -  

" .  1 ---- 
f j .  ~ : - : e  hi(-:?~ tmqxrature s t r e n g t h  values of the CoAl and N i , A I  based 

.F , ?: . : .:- ,: .* -, - arc aze.2tcr t h a n  those or' the pure rel'ractory hard phases 
: 
_ c  -. - _ I .  I \ l k d  xork ai? extrusion. 

: E  p;. :P to zd&d benefits of oxide d i spe r s ion  strengthening and 
. d. -7 -,-lJ 



" '  

I t  i s  the purpose of t h i s  phase of the p~ograra  "ra s e z k  .-;-E Y ~ : L Y  

to classify deformation and fracture behayiou. 

In terna l  ox idat ion  of Cu-Al  a l l o y s  is planned to yi-elc? v a x i  
amounts of oxide  content I i n t e r p a r t i c l e  spacinq ., e ~ c .  A I I C ~ ~ F S  T' 

study,  vacuum melted,  have been rece ived and coinver":cd i c t o  .E-:-;z 2 
m i l l ed  chips .  In turn these chips are be ins  conver-zed 22tc t'Az.3-c 
powders ( f l a k e  shape) for subsequent i n t e r n a l  oxida : ion.  T;o :-L::G 
of o x i d e ,  particle size and i n t e r p a r t i c l e  spae irx  w! I-, 
i n  each case. P a r t i c l e  spacings up -to 2 ~ i c x r ; n s  are !3: 
metal lo  iraphic and X-ray studies. 

In addition an effort will be made to produce w ? ~ y  c.x-rt;c 
f o i l  or sheet of s i i n i l a r  composites (these alloy:; d y e  on ~ L G : $ ~ J  :G 

to s e l e c t i v e l y  i n t e r n a l l y  o x i d i z e  grains and g r i h  $c;t.ind~z-ies 
with and withorrt c o l d  work w i l l  be s tudied.  ELI thLs  wa;- t h e  GIQ-.. I 
OP ox ides  to grain  versus grain boundary si-ab2l:lr-q ~),111 %e 6-i-c:~c._:-'. 7 

for optimization of structure. 

7)  Oxide Dispersion Strengthened Alloys by Sl?.rfsrz@ am% i 1 j - i  3: 

----__rr__-- -xr e_--* ..." _ 1  
Techniques 

I t  
unique 
readil 

has been thought for too  long that the A'I-iiP,'33 
i n  this fami ly  of alloys. Actelal ly  pzoper c:~~:-Lcz 

y oxidizable element in relatively d i l a t e  SC: 1 z + i c  
surface oxidation of fine powders With ?lake p c m d ~ x z  ~ 

surface area i s  extrerriely Large and significant con i:cib 
content may Ice expected, 

T h i s  project E j u s t  now underway, T * , i l P  . i s ~ z n i - - x  IL L r _ z  ,c j s-? 
_ -  and Cu-Ni-Al,O,. By producing submicron p s d s r c $  5' w: G Z  cc 

p r a c t i c a l  significance may be achievsd (I. .- 2 pi? 
of surface  ox idat ion  plus  in terna l  oxidatior: fur 
expected. 



. depth of oxide penetration ~ ~ 5 t h  tize , temparattre a r d  zz ~qx:,--i-:-:.~: 
i n  oxide pz ir t i c l e  s i z e  with depth of penetaatior; d i f f e x e n ~ - t - ~  j-7 :'" 
oxide  particle size for  the different so lu te  elements;  a n d  i i T 2 e r e - - s  
in oxide  size variation w i t h  composition. 

These studies were not completed about t w o  years  aqc d ~ ; s  to ;he 
dclnart._lxe r -- zf the pricciple i n v e s t f a a t e r .  Tha t  cznt7,cmzr: 5.: -;o': :, I 
us again, and w i l l  complete this f a s c i n a t i n g  and imgor- tzn t  ~ t u a y  so 
that  major improvements in oxide  dispersion strenl7Thened nj  ~ ~ . ; e l  c , J. 

can be pursued. The proqram is j u s t  now k i n o  r e a c t i t ~ a t a d .  
- -  


